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PHOTOGRAPHIC STUDY OF PROPELLANT OUTFLOW FROM A 

CYLINDRICAL TANK DURING WEIGHTLESSNESS 

b y  Ralph C. Nussle, Joseph D. Derdul, and Donald A. Petrash 

Lewis Research Center 

SUMMARY 

The NASA Lewis Research Center i s  c u r r e n t l y  conducting a s tudy of t h e  
problems a s s o c i a t e d  with t h e  behavior of rocket engine p r o p e l l a n t s  s t o r e d  i n  
space v e h i c l e  t anks  while exposed t o  weightlessness. 
study, a photographic i n v e s t i g a t i o n  w a s  conducted t o  examine the behavior of 
t h e  l iquid-vapor  i n t e r f a c e  during pmping o r  outflow from a c y l i n d r i c a l  t ank  i n  
a zero-gravi ty  environment. 

A s  p a r t  of t h i s  o v e r a l l  

The r e s u l t s  i n d i c a t e  that  s i g n i f i c a n t  d i s t o r t i o n  of the i n t e r f a c e  occurs 
as t h e  outf low v e l o c i t y  i s  increased. 

d i s t o r t i o n  and t o  de l ay  vapor blowthrough. 

The e f f e c t s  of d i f f u s i n g  t h e  incoming 
p res su r i z ing  gas  and b a f f l i n g  t h e  t ank  o u t l e t  were t o  minimize the 

INTRODUCTION 

A s  a p a r t  of an o v e r a l l  s tudy t o  determine t h e  behavior of rocket  engine 
p r o p e l l a n t s  s t o r e d  i n  space v e h i c l e  tanks while exposed t o  weightlessness (zero 
g r a v i t y ) ,  t h e  NASA Lewis  Research Center i s  c u r r e n t l y  conducting a study t o  
determine the e f f e c t  on t he  liquid-vapor i n t e r f a c e  of pumping or outflow dis-  
turbances i n  a ze ro -g rav i ty  environment. 

A l a r g e  po r t ion  of the  zero-gravi ty  research work t h a t  has been conducted 
t o  date has been given t o  t h e  determination of means of a s su r ing  t h a t  l i q u i d  i s  
loca ted  over t h e  pump i n l e t  p r i o r  t o  engine s t a r t i n g  ( r e f s .  1 t o  4) .  Compara- 
t i v e l y  l i t t l e  work has been devoted, however, t o  a s tudy of t h e  e f f e c t  of pro- 
p e l l a n t  outflow oii t he  bchavior of t h e  l iquid-vapor i n t e r f a c e .  There i s  an 
almost complete absence of l i t e r a t u r e  r epor t ing  e i t h e r  a n a l y t i c a l  or experi-  
mental s t u d i e s  of t h e  phenomena. 

The purpose of t h i s  r epor t  i s  t o  present t h e  r e s u l t s  of a photographic 
s tudy  i n v e s t i g a t i n g  f a c t o r s  t h a t  a f f e c t  t h e  behavior of t h e  l iquid-vapor i n t e r -  
f a c e  during p rope l l an t  outflow under weightless conditions.  The study, con- 
ducted i n  a 2.3-second drop tower, was l imi t ed  t o  one t e s t  l i q u i d  ( e thano l )  and 
t o  a c y l i n d r i c a l  tank. 



APPfYRAl'US AND PROCEDmE 

T e s t  F a c i l i t y  

The drop tower i s  t he  21-foot-square, 100- foo t - t a l l  bu i ld ing  shown sche- 
mat ica l ly  i n  f i g u r e  1. The experiment package was suspended from t h e  t o p  of 
the  tower and dropped t o  t h e  f irst  floor, where it was dece lera ted  i n  a '7-foot- 

rWire-release mechanism 

r Dual-cable hoist for 
l i f t ing experiment package 

Fifth floor: support 
experiment mounted on 

drop 
nce, 
t 

Sand storage hopper 

CD-7379 
Figure 1. - Schematic view of 100-foot drop tower. 

deep bed of  sand. The drop d i s -  
t ance  was 85 feet  and t h e  weight- 
l e s s  t i m e  2.3 seconds. A i r  drag 
ms maintained below g by 
allowing t h e  experiment t o  f r e e  
f a l l  i n s i d e  an a i r  drag sh ie ld .  

Experiment Tanks and Test Liquid 

The model t a n k  used i n  t h i s  
i nves t iga t ion  was a cy l inder  
machined from c a s t  a c r y l i c  rod 
with an i n s i d e  diameter D of 
4 cent imeters  and a l eng th  of 
8 cent imeters  (2D). The f l a t  t o p  
and bottom of t h e  t ank  were fab-  
r i c a t e d  from s t a i n l e s s  s t e e l ,  
wi th  O-rings i n s e r t e d  t o  s u s t a i n  
pressure  i n  t h e  tank. The t ank  
i n l e t  and o u t l e t  were loca ted  on 
t he  c e n t e r l i n e  of t h e  tank, and 
each had an i n s i d e  diameter of 
0 .4  cent imeter  (0.1 D) .  The out-  
l e t  was sharp edged and had a 
l eng th  of 2.0 cent imeters  (0.5 D). 

The p u r i t y - c e r t i f i e d  l i q u i d  
used i n  t h i s  i nves t iga t ion  was 
200-proof e thanol  w i t h  a s m a l l  
amount of methylene b lue  dye 
added t o  improve t h e  photographic 
q u a l i t y  of t h e  d a t a  film. The 
add i t ion  of the dye had no mea- 
su rab le  e f f e c t  on t h e  phys ica l  
p r o p e r t i e s  of t h e  ethanol .  

Experiment Package 

The experiment t ank  used i n  
t h i s  s tudy  was mounted i n  t h e  
experiment package ( f i g -  2) and 
s u i t a b l y  i l lumina ted  t o  permit 
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Support wire 
Experiment tank-, ; 

C-67678 
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(a) View showing components. (b) View of experiment tank mounted i n  light box. 

Finlire 2. - Exoeriment Dackaae. 

high-speed photography of the  i n t e r f a c e  behavior during f ree  f a l l  with a 16- 
m i l l i m e t e r  motion-pictx-e caTera. 4.11 e l e c t r i c a l  power r equ i r ed  f o r  the ex- 
per imental  package w a s  c a r r i e d  on t h e  package and cons i s t ed  of rechargeable 
nickel-cadmium c e l l s .  
the  experiment t a n k  o u t l e t  c losed during predrop preparat ions.  

A solenoid valve con t ro l l ed  a s m a l l  a i r  p i s t o n  that he ld  

A i r  pressure,  suppl ied t o  t h e  t o p  of  t h e  t ank  through s t a i n l e s s  s t e e l  
tubing, pumped t h e  l i q u i d  from the  t a n k  when t h e  a i r  p i s t o n  was opened. 
p re s su re  supply was contained i n  p re s su re  b o t t l e s ,  which had a volume of ‘2000 
cubic cent imeters .  The p res su re  was s e t  w i t h  a mercury manometer. Because t he  
p res su re  t a n k  volume was made l a r g e  (nominally 30 t o  1) with r e spec t  t o  t h e  
amount of l i q u i d  removed from t h e  model tank, no apprec i ab le  p re s su re  decrease 
resulted while l i q u i d  w a s  being pumped from t h e  model tank. 

The 

Operating Procedure 

P r i o r  t o  assembling t h e  experiment tank i n  t h e  l i g h t  box f o r  t e s t  dropping, 
t h e  t a n k  and o the r  equipment r equ i r ed  for f i l l i n g  t h e  t a n k  with e thano l  were 
thorouglilj- cleazed u l t r a s o n i c a l l y .  
was d i s t i l l e d  water with detergent .  
and d r i e d  i n  a warm a i r  dryer .  

The l i q u i d  used i n  t h e  u l t r a s o n i c  c l eane r  
The p a r t s  were r i n s e d  wiiii d i a t i l l c d  r;%,ter 

The experiment t a n k  was assembled i n  t h e  experiment package and p res su re  
checked for l e a k s  w i t h  t h e  a i r  p i s t o n  at t h e  t ank  o u t l e t  i n  t h e  closed pos i t i on .  
The t a n k  was t h e n  f i l l e d  t o  a height  of t h ree -qua r t e r s  of the  t o t a l  t a n k  height ,  
and t h e  system p res su r i zed  t o  t h e  des i r ed  p res su re  f o r  pumping t h e  l i q u i d  from 
t h e  tank.  

After t he  camera w a s  loaded with film, t h e  experiment package was balanced 
about t h e  v e r t i c a l  geometric a x i s  by adding weights where required.  The pack- 

3 



age was t h e n  placed i n  the  a i r  drag sh ie ld ,  and t h e  e n t i r e  assembly h o i s t e d  t o  
i t s  predrop posi t ion.  
t he  experiment package. The music w i r e  was severed, and t h e  a i r  drag s h i e l d  
and experiment package were t h e n  i n  f r e e  f a l l .  
timer, opened the  o u t l e t  of t h e  experiment t a n k  nominally 0.25 second after t he  
i n i t i a t i o n  of f r e e  fa l l .  
vapor i n t e r f a c e  t o  assume i ts  zero-gravi ty  configurat ion,  It should be noted 
that  t h i s  amount of t i m e  i s  g e n e r a l l y  not  s u f f i c i e n t  t o  ensure the complete 
absence of o s c i l l a t o r y  i n t e r f a c e  motion. 
s u f f i c i e n t l y  damped i n t e r f a c e  motion, however, S O  t h a t  af ter  outflow w a s  i n i -  
t i a t e d ,  t h e  subsequent behavior of the  i n t e r f a c e  was not observed t o  b e  in -  
f luenced by  r e s i d u a l  t r a n s i e n t  e f f e c t s .  

The assembly w a s  suspended by music w i r e  a t t ached  t o  

The solenoid,  ac tua t ed  by  t h e  

The 0.25-second de lay  i n  pumping allowed t h e  l i q u i d -  

The t i m e  was adequate t o  a l low f o r  

RESULTS AND DISCUSSION 

The experimental results of t h i s  i n v e s t i g a t i o n  a r e  presented ( f i g s .  3 
t o  7 )  i n  t h e  form of s e l e c t e d  photographs t aken  from t h e  motion-picture d a t a  
obtained during each t e s t  drop. The behavior of t h e  l iquid-vapor i n t e r f a c e  
and vapor blowthrough during outflow i n  a weight less  environment a r e  discussed 
i n  r e l a t i o n  t o  t h e  v a r i a b l e s  of outflow v e l o c i t y  and i n t e r n a l  t a n k  geometry. 
I n  add i t ion  t o  t h e  photographic data, schematic diagrams are presented i n  each 
f i g u r e  t h a t  i l l u s t r a t e  t h e  1-g conf igu ra t ion  of t h e  l iquid-vapor  i n t e r f a c e  and 
t h e  geometry of t h e  t a n k  under inves t iga t ion .  The zero-gravi ty  o u t l e t  v e l o c i t y  
given i n  each f i g u r e  was obtained by  measuring t he  change i n  l i q u i d  depth dur- 
ing outflow with t i m e  i n  1-g c a l i b r a t i o n  t e s t s  and then  accounting f o r  t h e  l o s s  
i n  pressure due t o  s t a t i c  head i n  a zero-gravi ty  environment. A set of t y p i c a l  
photographs showing t h e  i n t e r f a c e  conf igu ra t ion  and behavior during outf low a t  
1 g i s  presented i n  f i g u r e  8 (p. 10) .  
vapor i n t e r f a c e  remains i n  e s s e n t i a l l y  t h e  same conf igu ra t ion  be fo re  and during 
outflow, t h a t  is, no d i s t o r t i o n  of t h e  i n t e r f a c e  was observed i n  t h e  I-g c a l i -  
b r a t i o n  t e s t s .  

It should be noted t h a t  t h e  l i q u i d -  

E f fec t  of Outlet  Ve loc i ty  

I n  order t o  determine t h e  g ross  e f f e c t  of o u t l e t  v e l o c i t y  on t he  behavior 
of t h e  liquid-vapor i n t e r f a c e ,  two tes t s  were conducted. The photographic 
r e s u l t s  obtained a t  an o u t l e t  v e l o c i t y  of  2 9 1  cent imeters  p e r  second a r e  pre- 
s en ted  i n  f i g u r e  3, and f i g u r e  4 p re sen t s  t h e  r e s u l t s  a t  a n  o u t l e t  v e l o c i t y  of 
1408 centimeters per  second. 

An examination of the photographic r e s u l t s  a t  t h e  r e l a t i v e l y  low o u t l e t  
v e l o c i t y  of 2 9 1  cent imeters  pe r  second ( f i g .  3) reveals t h a t ,  s h o r t l y  af ter  
outf low begins, the  i n t e r f a c e  becomes c o n i c a l l y  shaped ( f ig .  3 ( c ) ) ,  and a con- 
s i d e r a b l e  amount of l i q u i d  remains on t h e  t a n k  w a l l  as t h e  i n t e r f a c e  moves i n  
t h e  d i r e c t i o n  of t h e  t ank  o u t l e t .  A s  outf low continues,  t h e  c e n t e r  of t h e  
i n t e r f a c e  remains nea r ly  s t a t i o n a r y  as l i q u i d  i s  removed from the t a n k  wa l l  
u n t i l  t h e  liquid-vapor i n t e r f a c e  has n e a r l y  r e tu rned  t o  i t s  zero-gravi ty  equi- 
l i b r ium configurat ion ( f i g .  3 ( d ) ) .  The e n t i r e  i n t e r f a c e  t h e n  progresses  toward 
t h e  t a n k  o u t l e t  u n t i l  t h e  incep t ion  of vapor blowthough, as shown i n  f i g -  

4 



(a) 1-g configuration. 

( d l  Time. 0.97 second. 

( b l  Inception of pumping; time, 0 second. ( c l  Time, 0.17 second. 
c-71758 

( e )  Inception of blowthrougn; time, 
1.19 seconds. 

( f )  Vapor blowthrough; time, 1.22 seconds. 

Figure 3. - Interface configuration dur ing outflow from cylindrical tank. Outlet velocity, 291 centimeters per second. 

u r e  3(e) .  
outf low began, and t h e  remaining o u t l e t  f l o w  i s  a mixture of l i q u i d  and vapor. 

I n  f i g u r e  3 ( f ) ,  vapor entered the  t ank  o u t l e t  1-22 seconds a f te r  

When t h e  o u t l e t  v e l o c i t y  w a s  increased t o  t h e  r e l a t i v e l y  high value of 
1408 cent imeters  per  second, s i g n i f i c a n t  d i s t o r t  ion of  t h e  l iquid-vapor i n t e r -  
f ace  occurred inmediately a f t e r  outflow began and p e r s i s t e d  u n t i l  vapor blow- 
through was observed (0.10 see a f t e r  i n i t i a t i o n  of outflow).  
i n t e r f a c e  d i s t o r t i o n ,  as shown i n  f i g u r e  4, r e s u l t e d  i n  an  appreciable  amount 
of l i q u i d  remaining on t h e  tank  walls when vapor entered t he  o u t l e t  as compared 
wi th  th2-t observed a t  the l o w  value of ou t l e t  ve loc i ty .  

This severe 
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(a) 1-9 configuration. 

(d) Time, 0.07 second. 

Ib) Inception of pumping; time, 0 second. ( c l  Time, 0.03 second. 
C-71759 

(e) Inception of blowthrough; t ime 
0.09 second. 

(1) Vapor blow through; time, 0.10 second. 

Figured. - Interface configuration dur ing outflow from cylindrical tank. Outlet velocity, 1408 centimeters per second. 

I Effec t  of Baffle a t  Tank Out le t  

The r e s u l t s  of propel lan t  outflow a t  an  o u t l e t  v e l o c i t y  of 1330 c e n t i -  
meters per second from a c y l i n d r i c a l  t a n k  w i t h  a c i r c u l a r  b a f f l e  mounted 3 
mil l imeters  above t h e  t ank  o u t l e t  are presented i n  f i g u r e  5. The b a f f l e  had 
an a rea  of 99 percent of t h e  c ros s - sec t iona l  t a n k  area, which r e s u l t e d  i n  an 
annular  f l o w  area for the  l i q u i d  that  was equal  t o  t he  area of t h e  t ank  o u t l e t  
(1 percent of tank  area). 

AS seen i n  t h e  photographs, t h e  l iquid-vapor  i n t e r f a c e  became d i s t o r t e d  as 



. 

baffle 

(a) 1-g configuration. (b) Inception of pumping; time, 0 second. (c)  Time, 0.03 second. 

C-71760 

(d)  Time, 0.06 second. ( e )  Time, 0.11 second. ( f )  Vapor blowthrough; time, 0.15 second. 

Figure 5. - Interface configuration dur ing outflow from cylindrical tank with baffled outlet. Outlet volocity, 1330 centimeters per second. 

outflow progressed i n  much t h e  same manner as was observed i n  t h e  unbaff led 
t a n k  a t  nea r ly  the  same o u t l e t  v e l o c i t y  (see f i g .  4). As  the  i n t e r f a c e  ap- 
proached the  ba f f l e ,  l i q u i d  was withdrawn from above t h e  b a f f l e  and along t h e  
t ank  wall near  t h e  t ank  bottom. The l iqu id  expulsion time of 0.15 second was 
an improvement over t h e  0.10 second obtained i n  t h e  unbaff led t ank  a t  nea r ly  
t h e  same outf low ve loc i ty .  
t h e  l iquid-vapor  i n t e r f a c e  d i s t o r t i o n  a t  t h i s  outflow ve loc i ty ,  it d i d  r e t a r d  
vapor blowthrough a t  t h e  tank o u t l e t .  

Although t h e  o u t l e t  b a f f l e  d id  not appear t o  reduce 
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Effec t  of Def l ec to r  a t  Gas I n l e t  

The r e s u l t s  of p rope l l an t  outflow a t  1427 cent imeters  p e r  second from a 
t a n k  with a d e f l e c t o r  p l a t e  t o  prevent the  incoming a i r  from impinging d i r e c t l y  
on t h e  i n t e r f a c e  are shown i n  f i g u r e  6. The d e f l e c t o r  p l a t e  was c i r c u l a r  w i th  
a diameter of one-half t h e  t a n k  diameter. It was mounted one-fourth t a n k  diam- 
e te r  down from t h e  t o p  of t h e  t a n k  wi th  t h r e e  s m a l l  screws. 

After  i n i t i a t i o n  of pumping, t h e  l iquid-vapor  i n t e r f a c e  moves down t h e  
t a n k  very n e a r l y  i n  i t s  zero-gravi ty  equi l ibr ium conf igu ra t ion  ( f i g .  6 ) ,  as was 

,- Deflector 
I plate 

(a) 1-g configuration. 

(d )  Time, 0.12 second, 

Ib )  Inception of pumping; time, 0 second. 

(e)  Inception of blowthrough; time, 
0.15 second. 

( c )  Time, 0.05 second. 

C-71761 

( f )  Vapor blowthrough; time, 0.17 second. 

Figure 6. - Interface configuration dur ing outflow from cyl indrical tank with baffled inlet. Outlet velocity, 1425 centimeters per second. 



previous ly  observed f o r  t h e  case  shown i n  f igu re  3, where t h e  o u t l e t  v e l o c i t y  
wits s i g n i f i c a n t l y  lower ( 2 9 1  cn/sec>. When t h e s e  r e s u l t s  a r e  compared with 
t h o s e  f o r  t h e  tank  t h a t  had no d e f l e c t o r  p l a t e  and a h igh  o u t l e t  v e l o c i t y  
( f i g .  4), it is apparent t h a t  t h e  d e f l e c t o r  p l a t e  s i g n i f i c a n t l y  reduced t h e  
i n t e r f a c e  d i s t o r t i o n  and r e s u l t e d  i n  a l i qu id  expuls ion t i m e  of 0.17 second. 
It a l s o  is noted t h a t  t h e  depth of l i q u i d  d i r e c t l y  over t h e  t ank  o u t l e t  a t  
vapor blowthrough i s  not a f f ec t ed  t o  any appreciable ex ten t .  

iM_] baffle 

(a) 1-g configuration. (b)  Inception of pumping; time, 0 second. ( c )  Time, 0.04 second. 

C - 71 762 

( d )  Time, 0.12 second. (e) Time, 0.21 second. ( f )  Vapor blowthrougn; time, 0.25 second. 

Figure 7. - Interface configuration dur ing outflow from cylindrical t m k  with baffled in let  and baffled outlet. Outlet velocity, 

1348 centimeters per second. 
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Combined Ef fec t  of I n l e t  Def l ec to r  and Out l e t  Baffle 

The r e s u l t s  of p rope l l an t  outflow, a t  an o u t l e t  v e l o c i t y  of 1348 c e n t i -  
meters per second, from a c y l i n d r i c a l  t a n k  equipped with an o u t l e t  baf f le  and 
an i n l e t  a i r  d e f l e c t o r  are presented i n  f i g u r e  7. The b a f f l e  and d e f l e c t o r  a r e  
i d e n t i c a l  t o  t h o s e  p rev ious ly  discussed. 

Pumping begins  a f te r  t h e  l iquid-vapor i n t e r f a c e  has assumed i t s  zero- 
g r a v i t y  configuration, and, as pumping progresses,  t h e  i n t e r f a c e  n e a r l y  main- 
t a i n s  t h i s  conf igu ra t ion  w i t h  some l i q u i d  on the  t a n k  w a l l .  This i n t e r f a c e  

(a) Tank geometry. (b)  Inception of pumping; time, 0 second. ( c )  Time, 0.70 second. 

C-71763 

(d) Time, 1.45 seconds. (e)  Inception of blowthrough; time, 
1.96 seconds. 

( f )  Vapor blowthrough; time, 1.98 seconds. 

I Figure 8. - Typical interface configuration dur ing outflow from cylindrical tank at 1-9. 



shape is  similar t o  t h a t  shown i n  f i g u r e  6, where only t h e  d e f l e c t o r  p l a t e  was 
i n  the  tank.  

A s  t h e  i n t e r f a c e  approaches t h e  o u t l e t  baffle, vapor blowthrough i s  re- 
t a r d e d  i n  t h e  same manner as p rev ious ly  noted i n  f i g u r e  5. 
s i o n  t i m e  w a s  0 .25 second f o r  t h i s  tank geometry. 
t e s t  i s  that  the i n l e t  d e f l e c t o r  and t h e  o u t l e t  b a f f l e ,  when combined i n  a tank, 
produce the  same r e s u l t s  as each accomplished by i t s e l f .  
t h e  advantages of each one were incorporated i n  t h e  same tank, and t h e  r e s u l t  
was minimum i n t e r f a c e  d i s t o r t i o n  and t h e  longest l iquid-expuls ion t i m e  be fo re  
b lowthr ough. 

The l i q u i d  expul- 
The conclusion from t h i s  

By combining t h e  two, 

CONCLUDING REMAFiKS 

This  i n v e s t i g a t i o n  p resen t s  q u a l i t a t i v e  results of t h e  e f f e c t s  of o u t l e t  
ve loc i ty ,  o u t l e t  ba f f l i ng ,  and i n l e t  gas d i f f u s i o n  on t h e  l iquid-vapor  i n t e r -  
f a c e  conf igu ra t ion  during outflow from a c y l i n d r i c a l  tank.  The r e s u l t s  are 
summarized i n  f i g u r e  9, where sketches of r ep resen ta t ive  i n t e r f a c e  configura- 

t i o n s  are presented f o r  each t a n k  geometry inves t iga t ed .  F igu re  9 a l s o  shows 
the  o u t l e t  v e l o c i t y  and the amount of l i q u i d  expel led p r i o r  t o  vapor blow- 
through. The amount of l i q u i d  expelled i s  a re la t ive measure of t h e  e f f e c t  of 
o u t l e t  v e l o c i t y  and i n t e r n a l  t a n k  b a f f l i n g  on the  l iquid-vapor  i n t e r f a c e  while 
t he  l i q u i d  is  pumped from t h e  t ank  during weightlessness.  The i n l e t  d e f l e c t o r  
p l a t e  and the  o u t l e t  baff le  employed i n  t h i s  i n v e s t i g a t i o n  were not considered 
t o  be  optimum designs,  but were intended t o  provide an i n s i g h t  i n t o  t h e  e f f e c t s  
t h a t  baffles may have i n  a f f e c t i n g  t h e  l iquid-vapor i n t e r f a c e  configurat ion 
during p rope l l an t  outflow from a tank.  

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h e  l iquid-vapor  i n t e r f a c e  con- 
f i g u r a t i o n  during outflow can be  s i g n i f i c a n t l y  a f f e c t e d  by  t h e  magnitude of t h e  

(a) Outlet velocity, 
291 centimeters 
per second; ex- 
pelled liquid, 47 
cubic centime- 
ters. 

(b) Outlet velocity, (c) Outlet velocity, (d) Outlet velocity, 
1408 centimeters 1330 centimeters 1427 centimeters 

per second; ex- per second; ex- per second; ex- 
pelled liquid, pelled liquid, 26 pelled liquid, 32 

cubic centime- cubic centime- 18.7 cubic centi- 
meters. ters. ters. 

Figure 9. -Typical interface configuration during outflow from cylindrical tank in weightlessness. 

(e) Outlet velocity, 
1348 centimeters 
per second; ex- 
pelled liquid, 45 
cubic centime- 
ters. 
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o u t l e t  v e l o c i t y  and t h e  d i s t r i b u t i o n  of t he  incoming p res su r i za t ion  gas.  In- 
creasing t h e  o u t l e t  v e l o c i t y  r e s u l t s  i n  an increased d i s t o r t i o n  of t h e  i n t e r -  
f a c e  and causes a reduct ion i n  the  amount of propel lan t  expel led  from t h e  t ank  
(see f i g s .  9 ( a )  and ( b ) ) .  When a d e f l e c t o r  p l a t e  was provided t o  d i s t r i b u t e  
t h e  i n l e t  a i r  flow more uniformly, t h e  i n t e r f a c e  d i s t o r t i o n  was considerably 
reduced i n  comparison with the tank  w i t h  no i n l e t  d e f l e c t o r  p l a t e  ( s e e  f i g s .  
9 ( b )  and ( d ) ) .  Both of t h e s e  f ac to r s ,  low o u t l e t  v e l o c i t y  and an i n l e t  a i r  
de f l ec to r  p l a t e ,  served the purpose of holding t h e  i n t e r f a c e  d i s t o r t i o n  t o  a 
minimum. The result  of i n s t a l l i n g  t h e  o u t l e t  b a f f l e  was t o  prolong t h e  time 
during which l i q u i d  was flowing i n t o  the o u t l e t .  The b a f f l e  proved t o  b e  an 
e f f e c t i v e  means of delaying vapor blowthrough (see f i g s .  9 (b )  and ( c ) ) .  

When the  i n l e t  a i r  d e f l e c t o r  and t h e  o u t l e t  b a f f l e  were u t i l i z e d  a t  t h e  
same time, t h e  advantages of each were r e a l i z e d ,  and t h e  r e s u l t  w a s  minimum 
in t e r f ace  d i s t o r t i o n  and maximum l i q u i d  expulsion (see f i g .  9( e )  ) . 
L e w i s  Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, September 22, 1964 
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